We conducted a phase II study of docetaxel and ifosfamide chemotherapy for patients with platinum-resistant or refractory non-small-cell lung cancer (NSCLC) to evaluate the response and toxicity profiles as a salvage treatment. 
INTRODUCTION
Lung cancer is the leading cause of cancer-related death in South Korea and throughout the world, and the incidence of this disease is continuing to increase (1) . The majority of these cases are diagnosed when the disease is at a locally advanced or metastatic stage (2) . In addition, more than 50% of patients who undergo surgery have recurring, unresectable tumors or they experience extrathoracic dissemination. As a consequence, this means that systemic chemotherapy plays an important role in more than three-quarters of all the patients having NSCLC at sometime during the course of their disease (3) . Currently, first-line platinum-based chemotherapy is usually recommended for those patients with a good performance status as the routine care of advanced NSCLC. However, virtually all patients who respond initially to this therapy will eventually become refractory.
The value of chemotherapy in a salvage setting for the patient who has failed with primary chemotherapy is debatable. However, docetaxel has been found to have activity for salvage chemotherapy of NSCLC in several phase II studies, and it could prolong patient survival, as has been shown in phase III randomized trials that have compared docetaxel versus vinorelbine or ifosfamide, or docetaxel versus the best supportive care, for NSCLC patients who have failed with previous chemotherapy (4～6).
Ifosfamide is an alkylating drug that has demonstrated activity against NSCLC (7, 8) . Used as a single agent in patients with advanced NSCLC, ifosfamide has demonstrated activity, with a response rate of 20 to 25% and a median survival time of 9 months (7, 8) ; thus, it is considered as one of the most Because the majority of patients with advanced NSCLC are given standard platinum-based chemotherapy, it appears particularly attractive to combine docetaxel and ifosfamide as a non-platinum-based regimen.
In this current Phase II study, we evaluated the activity and safety of a docetaxel and ifosfamide salvage regimen for patients with refractory or resistant NSCLC that progressed during or after the standard first-line or second-line platinumbased chemotherapy.
MATERIALS AND METHODS

1) Patients' eligibility
The patients for this study were enrolled between July 2000 and July 2004 at Gyeong-Sang National University Hospital. The eligibility criteria included patients who had been previously treated with platinum-based combination chemotherapy; they had histologically or cytologically proven unresectable or metastatic NSCLC, their ages were ＜75 years, they had an ECOG performance status (PS)≤2, bidimensionally measurable disease, adequate renal and liver function (normal serum creatinine and creatinine clearance＞60 ml/min, total bilirubin＜2 mg/dl, serum AST and ALT＜3 times the upper limit of normal), and adequate bone marrow function (neutrophils≥1,500/ul, platelet count≥100,000/ul, hemoglobin ≥10 g/dl). Those patients with peripheral neuropathy, symptomatic brain metastases, active infection, active coronary artery disease, unstable diabetes mellitus and active concomitant malignancy were excluded from the study. An informed consent was obtained from all the patients and this study was approved by the institutional review board at Geyong-Sang National University Hospital.
2) Treatment schedule
Based on the Dutch phase I study (10) , the selected eligible patients were treated as follows: docetaxel was administered at 75 mg/m 2 over a 1 hour period by intravenous infusion on day 1. Ifosfamide was administered at 3,000 mg/m 2 intravenously over a 1 hour on day 1 through 3 together with Mesna Ⓡ uroprotection, 40% of the ifosfamide dose, given intravenously before, at 3 and 6 hours after ifosfamide. The treatment was preceded by the parenteral administration of antiemetics consisting of 5-HT3 receptor antagonists plus dexamethasone (20 mg intravenously), and this was followed by 4 days of orally administered antiemetics for the prevention of delayed emesis. The cycles were repeated every 3 weeks.
3) Dose modifications for toxicity
Blood cell counts, serum creatinine and liver function tests were performed before each course of chemotherapy. In the case of grade III or IV hematologic toxicity, the doses of ifosfamide and docetaxel were reduced by 20% for the subsequent courses. For renal toxicity of grade 3 or higher (serum creatinine elevations＞3 x normal), the treatment was withheld until the test results normalized, and a 20% dose reduction of ifosfamide was applied in the subsequent chemotherapy courses. For neuropathy grade III or higher, the treatment was interrupted. For grade III or higher mucositis, the doses of docetaxel and ifosfamide were reduced by 20% in the subsequent cycles.
In the case that the blood counts had not recovered to an absolute neutrophil count (ANC)≥1,500/Ul and a platelet count ≥100,000/ul on the day of therapy, the treatment was withheld until recovery. Clinical toxicities were assessed according to the modified National Cancer Institute Common Toxicity Criteria.
4) Statistical methods
Those patients who received at least 2 cycles of treatment were evaluable for response according to the WHO criteria unless clinical evidence of tumor progression occurred after the first cycle (11) , and the patients who received at least 1 cycle of treatment were evaluable for drug toxicity.
The sample size chosen for the study was calculated from an expected response rate of 25% and a minimum response rate of 10% with an α=0.05 and β=0.2, using Simon's two-stage minimax design (12) . At the first stage of the trial, if fewer than 2 responses occured out of the first 22 patients, then the study would conclude that the anticipated response rate (RR) is ＜10%, and the study would be terminated.
The response duration was measured from the day of its initial documentation until there was confirmed disease progression, and time to progression (TTP) was calculated from the date of the first cycle of chemotherapy until there was documented evidence of progressive disease (PD). Overall survival was measured from the starting date of salvage chemotherapy until the last follow-up or until the patient's death. Survival rates and TTP were assessed by the KaplanMeier product-limit method.
RESULTS
1) Patients' chatacteristics
Forty patients with previously treated advanced NSCLC were entered into the current study, and their characteristics are shown in Table 1 . The median age of the patients was 61 years (range; 33～72 years). Thirty patients were male and ten patients were female. There were 12 patients with stage IIIB disease and 28 patients with stage IV disease at the time of the initial diagnosis. Forty patients received at least two cycles of therapy, and so they were evaluable for their response and for drug toxicity.
2) Response and survival
The objective responses included partial response (PR) in 5 of 40 patients (12.5%; 95% confidence interval [95% CI], 3.3～ 21.7%), stable disease (SD) in 17 of 40 patients (42%; 95% confidence interval [95%CI], 28.3～55.7%), and progressive disease (PD) in 18 of 40 patients (45%; 95% confidence interval [95%CI], 31.2～58.8%). The response in patients who were resistant to first-line chemotherapy occurred for 2 of 16 patients (12.5%), whereas the response in patients with sensitive disease was 3 of 24 patients (12.5%), and these results did not differ significantly (p=0.120). The median TTP was 2.06 months (range: 2.02～3.20 months) (Fig. 1) . The median survival was 5.24 months (range: 2.99～7.49 months) (Fig. 2). 
3) Second-line vs third-line treatment
In this study, the docetaxel and ifosfamide salvage regimen was given to 22 patients as a second-line chemotherapy and to 18 patients as a third-line chemotherapy. There were no significant differences for the patients' baseline characteristics and response rates between the two groups ( Table 2) .
The median survival time was 5.44 and 5.24 months for the second-line group (range, 2.09～8.79 months), and the thirdline group (range, 2.65～7.83 months), respectively (Fig. 3 , Log-rank test, p=0.964). However, there was a higher proportion of febrile neutropenia observed in the third-line chemotherapy group (67%, 12 of 18), as compared with the secondline chemotherapy group (18%, 4 of 22) (p=0.002). All of the 40 patients enrolled into the study were eligible for toxicity evaluation. The main toxicity observed was a hematolgic condition. Grade 3～4 neutropenia was seen in 30 of 40 patients (75%), with 16 o1f 40 patients (40%) developing grade 4 neutropenia. All the patients with grade 4 neutropenia developed neutropenic fever, and this was successfully managed with broad-spectrum antibiotics what were administered with granulocyte-colony stimulating factor (G-CSF). Grade 3～4 anemia and thrombocytopenia were observed in 20% and 25% of the patients, respectively (Table 3) .
4) Dose-intensity and toxicities
Grade 3 peripheral neuropathy and grade 3 mucositis were observed in 8 patients (20%) and 2 patients (5%), respectively, whereas any other grade 3～4 non-hematologic toxicities were not encountered. Mild asthenia (grade 1～2) was seen in 55% of the patients as the major non-hematologic toxicities (Table  4) .
Subsequent treatments in all patients were interrupted by grade 3 peripheral neuropathies. However, grade 3～4 hematologic toxicities and other grade 3 non-hematologic toxicities were not a limiting factor for interrupting the subsequent cycles.
DISCUSSION
An increasing proportion of patients with advanced NSCLC will derive clinical benefit and prolonged survival from frontline treatment with several novel drugs such as vinorelbine, paclitaxel, gemcitabine and platinum combinations, and it is anticipated that many of these patients will require salvage chemotherapy after they display platinum-based chemo-resistant or chemo-refractory disease (12) .
Docetaxel appears to represent a new drug with a singleagent activity rate of 17% for cisplatin-pretreated patients with NSCLC, and docetaxel has an RR approaching that of the most active drugs used in first-line treatment (13) . This was confirmed in an extended, multicenter, phase II trial involving 80 patients with platinum-refractory or platinum-resistant NSCLC where an RR of 16% was obtained, and there was no impact of the platinum sensitivity status on the RR (14) . Docetaxel has the advantage of a longer intracellular half-life that leads to higher intracellular concentrations than paclitaxel (15) , and it is 100 times more potent than paclitaxel with respect to bcl-2 phosphorylation (16) .
For this reason, docetaxel has promising activity for patients with untreated (17, 18) and platinum-resistant NSCLC (5, 13, 14) . In the preclinical studies, ifosfamide showed an interesting activity against the NSCLC human xenograft (19) .
In the phase III studies of chemotherapy for NSCLC, the best results have been obtained with regimens that contained ifosfamide (7, 20) . Moreover, there is a lack of cross-resistance between docetaxel and the alkylating agents such as ifosfamide, which have shown synergistic antitumor activity in vivo (21, 22) .
For docetaxel in combination with other agents, a phase I study with docetaxel and ifosfamide for patients with advanced solid tumors have suggested that a 75 mg/m 2 dose of docetaxel combined with 5.0 g/m 2 dose of ifosfamide appeared to be manageable (10) .
Based on these results, several trials were performed to evaluate the activity and toxicity of a docetaxel and ifosfamide combination for NSCLC and other malignancy. A phase II study of docetaxel and ifosfamide as a second-line treatment for 22 patients with advanced or metastatic urothelial cancer, after their failure with platinum chemotherapy, was found to be effective with an acceptable toxicity profile (23) .
In another study using docetaxel plus ifosfamide and cisplatin in chemo-naïve NSCLC patients, it was shown that the majority of the chemotherapy courses had to be supported by G-CSF administration, and the clinical efficacy of this regimen does not seem to justify the toxicity profile (24) .
Taiwanese phase II study on docetaxel and ifosfamide combination chemotherapy for NSCLC patients who failed previous chemotherapy with or without paclitaxel as a salvage setting revealed a relatively low response rate, a low dose intensity, and high proportion of severe neutropenia in NSCLC patients (25) .
Our study also demonstrated a low response rate (12.5%) and a high rate of hematologic toxicities compared with docetaxel monotherapy. This low response rate may have been caused by the higher proportion of the third-line treatment group (45% of patients), the interruption of subsequent cycles due to grade 3 peripheral neuropathy (20% of patients), and the low dose intensities of docetaxel and ifosfamide.
According to Japanese studies (24) , Taiwanese studies (25) and our study, far-east Asian patients appear to have poorer tolerance and greater hematologic toxicities with docetaxelbased treatment compared with western patients. Taiwanese and Japanese studies have also concluded that the addition of ifosfamide to docetaxel for NSCLC patients should not be recommended either as the first-line or second-line chemotherapy due to the severe hematologic toxicities (24, 25) . Based on our study, the hematologic toxicity for the docetaxel and ifosfamide combination chemotherapy was just too severe to continue applying this treatment in this salvage setting. Further investigation will be needed to find reasonable dosages for docetaxel and ifosfamide, and to discover other feasible drugs that can be combined with docetaxel or ifosfamide as a better salvage regimen.
CONCLUSIONS
Our study showed that this salvage regimen displayed a relatively low antitumor activity compared with only docetaxel treatment, and there was a high proportion of severe neutropenia in the previously treated advanced NSCLC patients. Physicians should also be aware of dosage adjustment, the selection of patients and the risk of treatment related morbidity in salvage chemotherapy with docetaxel and ifosfamide for patients with NSCLC.
